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Tadle 1. Experimental design

Sesaion lMurter

. 1 2 3 L] 5

‘, No :ontrol Control Task Control Task Control Task Control Task
aex Simple Complex Simple Complex Simple Complex Sizple Complex

Subject Map Map vap Vap Map Map “ap Map

. 1 30" 60 90 10 30 60 60 %0 90

¢ 2 30 90 60 Y 20 90 90 0 60

§ 2 0 30 90 Mo 60 £0 ao 30 %0 9C

. ; 4 60 90 30 Fonitoring 50 50 90 90 20 20

“ s 30 30 60 90 90 30 30 &0 60

£ 90 60 30 %0 90 60 60 0 0

.
Table entries are mean subsystem event (nterarrival tires (sec.)

ogint el i el OE R SRR b

PY
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- Y
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Table 2. Subsystem event service performance (erpirical)

Subsysten event arrival rate (events/sec)

TR RTINS £ o ntrrgm e R ok e s x

Subsystem 0.0 0.016€7 0.01333
. No.
Yo Map
K Ty Oy Ty oS, N Ty 9% Ty S, L s % Ty Sy 5
1 18 5.55 0.81 12.97 3.06 2 5.57  1.32 12.86 3.67 84 5.96 2.08 14,67 u.20 R
. 2 2% 5.84 1.e2  12.10 3.13 48  5.40  t.10 4.y 4,28 82 5.42 t.19 14,68 3.93 “
. k 3 30 5.36 0.58 12.38 2.51 46 s5.28 1.21 k.43 5.36 82 5.29 t.a1 17.87 7.2%8 .
7 4 24 6.22 2.86 12.80 4,67 36 5.27T  0.67 15.9% 5.88 90 5.44 1,35 18.69 10.07
2 5 32 5.41 1,39 12.62 5.74 42 5,39 0.62 15.74 6.38 58 5.78 1.78 2u.26 18.38 7
i 6 48 5.8 0.91 13,55 3.82 25 5.37  0.90 17.00 7.56 52 5.29 1.25 32.88 27.59 .
g m" 77 5.63 1.38 12.82 4.01 289 3,41 1,07 14,62 5,48 448 5,55  1.54  19.42 14,10
g Sirtple Map
& 1 W 8.59 /.53 19,17 6.79 44 7.92 .87 19,69 7.26 56 8.6 4,59 20.85 6.95
& 2 43 8.88 6£.23 18.98 8.69 53 8,40 5,22 20.56 e.75 79 9.60 7.04 23,42 9.58
£ 2 18 7.51 b4.95 23,93 B.4E 54 10,01 7.59 24.9 12.35 79 9.74 Ss.eh 27,81 2.3 -
3 4 54 9.57 5.80 24.87 12.50 51 9.7 5,20 2R.2y 18.15 67 8.45 4,60 22,68 21.43 v
‘ 5 39 9.54 6.87 3,43 24.63 52 8.33 4,23 2¢.97 27,04 42 9,82 5.83 S4.0B 40.45
‘{‘ 6 3t 10,27 6.95 2W.18  25.39 34 B.55 4,43 55,67 55.40 0 7.03  2.13 109.39 151,78
& ALl 219 9.2Y 6,28 25,24  17.28 288 5,71 5,22 29,52 28.8% 353 ¢.06 5.59 36.71 52,13 .
%; Corrlex Map .
& 1 40 10.87 747 22.2t 8.57 41 9.37 8.3 22,78 10,24 Sy g.us  L,94  21.75 10,39
¥ 2 41 9.57 5.29 20.74 8.19 g 12,03 A,Q4  22.U6 a.u7 86 0.2 6.88 22.58 9.37 .
: 3 35  8.39  4.36 25,10 14.80 52 9.28 £.56 27.03 17,10 M 8.97 5.6 26,89 14.33 ,
’ 4 46  8.70 S5.49 24,10 12.63 €3 7.90 2,44  20.94 21.15 71 8.8 5,17 36.82 29.1%
FR 5 52 9.48 T.61 32,54 27.72 47 9,94 A.r? 29,06  4D.22 56 P80 5.08 50,19 56.27 !
% £ 18 9,52 6.15  47.80 34.A1 ™ 9,71 £,50 52.76  91.51 30 8,09 3.29 86.50 66.71 4
g All 232 9.42 6.25 27.06 19,97 277 92.49 5,79 31,44 39,59 281 B8.84 5.50 35.18 37.00 3
", s;; * Cumulative statistis, across sll six subsystems 3
» o N - Number of subsystems events reccrded
; §i Tyy Og - Event service time averare, standard deviation (sec.) ¥
'E, Ty Oy = Event waiting time average, standard deviation (sec.)
¢ ;
B %&g

£
€
‘;
*
.
.
>



R

.S

EETIR

908°C Siy'0 g&n"c iten e (sueiped) ataur 104 SA¥
[Yi9g:} gti'0 FA TR 861°0 (susppes) atdue yoird Shd
15314 200t 2n3t 2699 (*33) JOdaa #pNITITE SKi
192 1474 ione (11T ("33) 49449 824000 Sy
t261 i9ont gt 9291 {*12) JOJJIP PE4NOD  uwWaY
LELY 60ty tg0n 9289 (*3J) Joatd uotirsod Sl
€028 1111 in2g 856 (*3J) <0ad@ uOTITSOd URdY

day xa1dwo)
gL 0 2L 0 O] n62°C (sumjped) sTFUe TT04 SR
8l 0 net 0 gti"¢ 960°0 (suslped) atduw yo3Td SHM
2699 géty . 9igh 00L2 (*3J) JOJdJd SPNITIT® Skl
0ELL 2eil 6091 g92L (*13) 014 asanod Sy
9814 9601 nlot 06L (*3J) JOJSR IBINCD  UR
ge92 SE19 téee 1961 (*1J) 40449 uoraysod Sy
[ %14 L3t 2581 6581 (*3J) <04l uofiysod uway

duey atdurs

STISTIWIS

geEtoC l9510°0 tiiters Q

(PSSO /81UBAd) 93BJ [RATJIE jUIAS LIQ8ASqQDF

(TROT4TAWA) POURBIOJIIS ASBY TOMJUO) °§ II3WL

- -
Q o
°© ”m < o~
o ~™ v [
~ [l oo e ~ o c o«
L] ™ o - ] ~ ["a BN L 4}
- < - L= "
e > [ . [
¢ © ¢ < o
> > -
G 3 pe
-~ v ~ ©
E ©
< [ @
- « - -
I ~ ] o
= © [N [
~ o 4 n
- G [ - 0 . c
R c w v o X 7 ® & = O o~ o & H
> - o —-n E > - L o9 -t
-t (=] (LI -~ -t -1 o ey
[N . - 3 t A - S v
L o © - Lt o o <
« b © < <
° °f - °¢ 2
[ £, S # [ [ o @
o @ - — [ O - I
» L © o > £ O i
(4 6B © 2% o E 9 c
-~ % 2 <
€ - cn E - c o c
& - - > @ - 8 ~—~
- - - o = - G o~ » - o~ N -
n N [ ¥ n - - - Q&
- [~ - e L " > o Pl .
[ > Q — 7] 3 0 =
£ © &k 2 £ o g
3 o o 3 O L
7] [ -~ (%} @ -
L9 13 £
s n L] ©
P4 - fis
"o o
S8 y8
- -
| - L Lo
[~ o 3 [ P
o s e n e @ 8
© [ o E @
E * E o]
» L - x @
[ Y -~ 0 a ¢ v - n
d33 3 £3 8 2.
€& = ©
Es =~ 0 Eg -~ O
Q O
= v O s =z 0 L =

230




nafth -

“s

{14

Table 6. Comparison of empirical data and ocueueing Model 1 simulation results

Subsystem event arrival rate (events/sec.)

Subsysten 0.01111 0.014687 0.03333
No.
No Map

Tw Sum  Twe Sue Tum LIPS Y Ove Tum % Tue Oye
A} 11.86 2.51 12.9” 3.06 11.88 2.33 12.86 3.67 13.28 2.97 1,67 4,20
2 12.16 .2.92  12.1¢C 3.13 12.19 2.68 w1 4,28 14,14 3.82 1%,68 3.92
3 12.42 3,39 12,38 2.51 12.50 .21 e 5.36 15.69 5.72  17.87 7.2%
L] 12.72 3.65 12.8¢ R.67 13.30 4,27 15.01 5.88 18.27 8.86 18,69 10.07
5 13.32 4.63 12.6z2 5.74 15.02 5.87 15.74 5.38 22.22 14,03 24,26 18.38
6 13.79 5.38 13.5% 3.82 1%.91 6.86 17.00 7.56 29.54 25.83 32.88 27.59
! All. 12.71 3.92 12.82 4.01 13.10 4,58 10,62 S.48 18,21 13.03 19.82 14,10

H . Simple Map
' 1 17.9% 7.23  19.1? 6.79 17.58 7.1 19.69 7.26 20.47 7.56 20.8% 6.95
: 2 18.47 8.41  18.9% 8.69 18.47 7.79 20.56 8.75 22.87 9.60 23.%2 9.58
3 19.11% 9.17 23.93 8,46 19.414 9.64 24,91 12.35 27.1 14.25 27.81 12.34
L] 20.39 11,74 24,87 12.50 21.95 12.08 28.21 18,15 36,38 24.30 32.68 21.43
5 21,67  13.99  31.43  24.63 24,25 16.31  35.97 37,04 54,51 46.07 54,08 u0.45
6 28,46 18,37 W18 26.39 28.90 23.29 55.67 S5.%0 102.03 109.94 10%.39 151,78
Al 20.29 12,22 25.2% 17.28 21.60 14,16 29,52 25,81 35.81 43.68 36.71 53.13

Conplex Map
i 17.49 7.50 22.21 8.57 19,14 7.71 22.78 12,24 19.91 7.86 21,75 10.39
2 18.46 8.07 20.7& g.19 20.33 8.78 22.46 3.7 22.39 9.69 22.58 9.37
3 19.28 9.65 25.1C 14,80 22.27 11.29  27.03 17.10 26.54 13.39 26.89 14.33
M 19.9%5 10,84 2410 12,63 25.02 1k.79 29.94 21,15 35.03 22.92 36.82 29.1
5 21.47 12,1F 32.5% 27.72 29.34 21,80 W, 06 Uuc.22 51.69 83.92 50.19 56.27
6 23.22 16,61 87,8 34,61 35.64 21.04 =2.76 21.51 94.50 97.10 88.50 66.71
Axl 19.92 11,46  27.0¢ 19.97 24,90 18,07 31,44 29,59 W.54 §0.26 35.18 37.00

* Cumulative statistic, across all six subsvstems
- Model 1 event waiting time average, standard deviation (sec.)
- Empirical evert waiting time averarse, standard deviation (sec.)

“wn* Oum
-
“uer Oe

FYAREN

Table 7. Comparison of erpirical Zat2 and sueueing Model 2 simulation results

Subsy.te~ evept effactive arrival rate (events/sec.)

(hyrrective = Mactuay ® 0.0095) .
Subsystem 0.02°6 0.0262 .
Ho. :
Simple Yap N
Tww ¢ wh Tue °we Tm °wm Twe GHG
1 19.63  7.89 19,17 £.70 18.89  7.12  19.69  7.26 *
2 21.09 9.26 18,98  ¢.Fg 21.02 8,72 20.56  9.75 N
3 23.12 11,97 22.63  £.ué P40 11,76 2U.91 12,35 #
] 27.39  17.02 28,87 12.50 28,17 17.78 28.21  18.15 s
5 .90 26.56 31,83 2u.43 26.97 30.10 35,97 37.04 R
] 46.07 43,47 3u.18  2£.39 53.04 49.79 55.67 55.40 ;
snt®  27.58 2300 224 1m.z8 29,79 25,45 29.52 28.81 ;
Complex Map i
, 1 19.80  7.9¢ 22.21 8,87 20,26  7.60 22.78 10.24 ¢
e 21.83  9.61 23.i4  E.19 22.77  10.0%  22.46 9,47
: 3 2410 12,29 25.10  1k.80 25,96 12,97 27.03 17.10
f u 27.83  17.37  24.10  12.53 32.92 21.51 29.94 21.15 )
i 5 34,42 24,97 32.58 27,72 U3, 36.55 39.06 40.22 :
’ 6 45,28 2,74 47,80 FL.Ft AT.BT  £9.66 52.76 91.5% «
‘ ALl 27.95 22.71  27.06 1:.97 2.33  32.58 31,44 39,59

- av
“

* Cumulative statistic, 2croes 21l riv subsvsters
T - Model Z event waiting ti-e average, standard deviation (sec.)
Tuer Ope = Emriricsl event weitine ‘ime averace, standard deviation (sec.)

Aerrective - Fffective sursvotem event arrivel rate used in simulation

Cuns

wre * awm

Aacfual = Actual sutsyste~ event a»rival rate used in experiment

s = E .
<

DR e S0 vt KT kil 1, e
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